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Tablet PCs look much like regular laptop computers, 
except their digitized screens can be swiveled around, folded 
over, and written on with a stylus.  Instructors have recognized 
that this simple write-on feature gives them the opportunity to 
change the way in which they lecture in a classroom.  This 
paper examines the application of tablet PCs outside of the 
lecture hall.  Specifically, it describes the application of tablet 
computers to a final year capstone design course.  Particular 
applications include the replacement of the traditional 
individual design notebook with a shared electronic notebook 
and enhancement of sketching as a communication tool.  A 
description of the capstone course is given to provide a context 
for how the tablets were used.  The impact of the tablet PCs is 
discussed and the results of a user survey are presented. 
INTRODUCTION 
Tablet PCs look much like regular laptop computers, 
except their digitized screens can be swiveled around, folded 
over, and written on with a stylus.  Instructors have recognized 
that this simple write-on feature gives them the opportunity to 
change the way in which they lecture in a classroom.  Instead 
of writing on a board, they write on a tablet over their 
PowerPoint slides [1, 2].  This paper presents experience with 
tablets from a different user perspective; the perspective of 
students in a capstone design course.  The lead author 
coordinates an industry based capstone design course with 160 
students that is organized into 40 teams of 4 students each [3].  
A pilot study was conducted with selected students to examine 
the potential impact of the technology on design education. 
 
In Part 1 of the pilot study, 16 students were provided with 
tablet PCs with the requirement that they use their tablets as 
electronic design notebooks to replace their conventional om: https://proceedings.asmedigitalcollection.asme.org on 06/30/2019 Terms of Uhardcopy design notebooks.  In Part 2 of the study, 4 teams of 
students each were provided with tablets with the requirement 
that they use the tablets as a shared design notebook, as well as 
use their wireless capability to communicate ideas and 
brainstorm during face to face team meetings.  Figure 1 
illustrates sample notes from a meeting where the students used 
OneNote (part of the MS Office suite of software) to work 
simultaneously on a sketch page.  Colour coding was used to 




Figure 1.  Example of a shared sketch page using OneNote 1 Copyright © 2007 by ASME 
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DowBACKGROUND TO THE CAPSTONE COURSE 
The final year capstone design course in the Department of 
Mechanical and Materials Engineering at Queen’s University in 
Kingston (MECH 460 Team Project – Conceive and Design) 
aims to prepare students for the transition to the workforce by 
allowing them to experience ‘real’ engineering work.  Students 
are expected to apply the skills and knowledge learned in 
earlier courses to an engineering design problem sponsored by 
industry.  There are three main requirements: 1) to complete a 
significant engineering design project that addresses the 
conceive and design elements of the design cycle; 2) to perform 
the engineering work in a professional manner within the 
constraints of realistic schedules and budgets; and 3) to work 
effectively as part of an engineering design team.  The elective 
course, MECH 462 Team Project – Implement and Operate 
enables team projects that started in MECH 460 to continue on 
to the implement and operate stages of the design cycle.  A key 
deliverable in MECH 462 is a working prototype, physical 
mock-up or virtual model of the design.   
 
MECH 460 is a fall term (September-December) course 
and is mandatory for all students. MECH 462 is a winter term 
(January-April) course and is optional.  About a third of the 
class (40 to 50 students) elects to continue with MECH 462. 
CAPSTONE COURSE ORGANIZATION 
The list of available projects (and their industrial sponsors) is 
set by the Department before the beginning of the fall term. All 
projects are posted on the course website before the first day of 
classes.  Students are encouraged to review this list leading up 
to the start of the fall term and to contact the Course 
Coordinator if they have any questions.  The course website 
contains all of the relevant information and is meant to be self 
explanatory. 
 
In order to initiate a proposal, a one or two paragraph 
description must be sent to the Course Coordinator well before 
the start of the fall term.  Project proposals usually originate 
from the industrial partner, but students can propose projects of 
their own, usually based upon their summer work experience.  
The proposal is reviewed by the Course Coordinator to ensure 
that the requirements and expectations of the industrial 
supervisor match the academic requirements of the course.  
Students are required to work in teams of four, with only one 
team assigned per project. Students have the option to select 
their own team members.  
 
Before the end of the first week of classes, students are 
asked to form their teams, review the list of available projects 
and submit a Letter of Intent.  The letter must identify, in 
preferential order, the top three projects of interest to the team. 
The students are informed that the Letter of Intent should 
attempt to justify the projects selected.  This can be done by 
highlighting the skills and interests of the team members as  
nloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/30/2019 Terms of Uswell as related work/course experience.  The Course 
Coordinator then reviews the letters, and assigns the projects 
by the beginning of the second week of classes. 
 
Each project is assigned a faculty member as an Academic 
Supervisor The faculty member is responsible for marking the 
design proposal and final report, and is expected to meet 
weekly with the team in order to monitor progress and provide 
advice. The Industry Advisor acts as the client and as such the 
team may also choose to meet with their advisor at a frequency 
that is appropriate to the project. 
STUDENT ASSESSMENT 
Table 1 shows the assessment breakdown for MECH 460. 
The oral presentations (design proposal and oral poster 
presentation) are marked by several academics and industry 
representatives in attendance.  The grade in each case is an 
average of the marks assigned by all the markers in attendance. 
All the written material is assessed by the Course Coordinator 
or the Faculty Supervisor.  The final design report carries the 
largest proportion for the course and has two markers: the 
supervisor and another faculty member as a second reader.  
 














Weekly Progress memos are submitted electronically on 
the Friday of each week, with the exception of the first week 
(when the Letter of Intent is due) and the last week (when the 
Poster presentations are held).  Students are responsible for 
providing copies of the memos to their Faculty Supervisor and 
Industry Advisor, as appropriate.  
 
Normally, each student was required to have a Design 
Notebook that provides a record of their individual notes and 
calculations, as well as a summary of key points and decisions 
made during each and every group meeting.  This book was to 
be permanently bound.  This was the component of the course 
to be replaced by an electronic design notebook or e-design 
notebook.  The basic requirement was to be the same, but at the 
end of term an electronic document was to be submitted instead 
of a bound hardcopy. 
Item Mark 
Letter of Intent 0 
Design Notebook 5 
Weekly Progress Memo 10 
Oral Presentations (progress and poster) 10 
Design Proposal Report 10 
The Poster 10 
Final Design Report 50 
Industry client assessment 5 
Thank you letter to industry client 0 










Table 2 gives a sample list of recent projects and 
sponsoring companies.  It is illustrative of the range of 
commercial sectors and company sizes represented in the 
sponsor group each year.  Some companies sponsor more than 
one project, although the norm is one project per company. 
 
Figure 2 illustrates a MECH 460/462 project on the subject 
of steerable automotive headlamps, where the lens in the 
assembly are tilted by a motor such that the light beam turns 
and follows the road whenever the car enters a curve.  This 
project was sponsored by a local automotive parts 
manufacturer.  In MECH 460, the students designed a virtual 
prototype and used an animation to demonstrate its function.  
In MECH 462, the physical prototype shown in Figure 3 was 
constructed with the aid of a Stratasys Rapid Prototyping 
Machine (RPM).  The white parts were produced on the RPM.  
The black housing was taken from an existing assembly.  The 
drive motor is also visible.  This is an example where students 
were able to take their design though all the design phases, 
including construction and testing with physical prototypes.  
IMPACT OF THE TABLET 
In Part 1 of the pilot study (MECH 460), the tablets were 
given to individual students to use.  In most cases, there was 
only one tablet per team.  An informal participant survey was 
conducted for Part 1 at the end of the course.  The universal 
observation made by the students was that they considered the 
tablets to have made a significant positive contribution to their 
learning experience and strongly recommended that steps be 
taken to introduce them formally into the design curriculum.  
 
The following specific benefits were observed for those 
students who were given the opportunity to use the tablet PC as 
an electronic design notebook:  
• better recording of design discussions, decisions and 




Figure 2.  Steerable headlamp virtual prototype  















Table 2.  MECH 460 companies and projects from 2005 
 
Company Project 
ASK Science Blimp Camera Launch System 
Bombardier ARTV End Door 
Bosal Canada Muffler Internal Fastening 
Decoma #1 Steerable Headlights 
Decoma #2 Shaker Table Auto Shutoff 
DND Ottawa Nose Canon Round Loader 
EHS Corp Proportional Animatronics Valve 
Ford Motor Canada Door Closing Effort Gauge 
Fuel Cell Technology Solid Oxide Fuel Cell 
Going Global #1 Ram Pumps Revisited 
Going Global #2 Buildings Developing Countries 
Goodyear #1 Roll Failure Analysis 
Goodyear #2 Steam Condensation Loop 
Niagara Prosthetic #1 Orthotic Knee Joint for Sports 
Niagara Prosthetic #2 Niagara Foot Adjuster Tool 
Novelis #1 Automation of Cooling Fans 
Novelis #2 Scrap Retrieval System 
Pictorvision Camera Mount Stabilization 
Procter and Gamble Product Buffer Optimization 
Shorewood Packaging Glue Pot Drive Conversion 
Steam Museum #1 Municipal Water Pump 
Steam Museum #2 Steam Engine Restoration 
Transformix Seal Design for Leak Testing 
Van-Rob Crash Simulator Drop Tower 
 
 
Figure 3.  Steerable headlamp physical prototype 3 Copyright © 2007 by ASME 
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• more engineering analysis as the design evolved 
during the course of the term 
• better recording of minutes for meetings and 
communications 
Figures 4 to 7 illustrate sample content found in e-design 
notebooks that were submitted in Part 1.  As was appropriate, 
the materials covered every aspect of the student’s work: 
preliminary sketches (Figure 4), hand calculations (Figure 5), 
software based analysis (Figure 6) and sourcing of parts from 
the web (Figure 7).  Figure 6 is noteworthy because the typed 
text that appears in the figure was originally handwritten and 
the students made use of the “translate” facility that is provided 
with the notebook to convert the handwriting to formal text. 
 
In Part 2 of the pilot study (MECH 462), the tablets were 
handed out on a team basis.  A formal participant survey was 
conducted for Part 2 at the end of the course in which the 
students were asked to reflect on their experience in both 
MECH 460 and MECH 462.  The key results are given in 
Figure 8 and can be summarized as follows: 
1) Majority of students “strongly agreed” that the tablet 
PC based electronic design notebook is more effective 
than a hardcopy design notebook 
2) All students would be willing to pay a premium for a 
tablet PC if they were in the market for a new 
computer, with the premium ranging from $125 to 
$500 (on a $1,500 computer) 
3) Students were “neutral” on the question of whether a 
tablet PC accelerates idea generation and design 
analysis during team brainstorming 
4) It was unanimous that the students “strongly agreed” 
or “agreed” that a tablet PC encourages students to 
sketch, to both capture and share design ideas 
5) It was almost unanimous that the students “strongly 
agreed” or “agreed” that a tablet PC promotes better 
record keeping , for the team design notebook 
In the sixth question, the students were asked to comment on 
the manner in which the tablets should be used during the next 
offering of the courses.  The students supported the scenario 
where the tablets were assigned on a team basis (every member 
with a tablet).  They felt that handing out the tablets on an 
individual basis would significantly degrade their effectiveness. 
 
The experience at Queen’s appears to parallel the 
experience at MIT [4] where tablets were given to selected 
students in a senior year design course.  The conclusions at 
MIT as they relate to the Queen’s experience were: 
• tablets were most useful for the early phases of design, 
and less useful during the build phase 
• during the build phase, the convenient size of 
machines and wireless internet access was very useful  
Downloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/30/2019 Terms of Use:as students could quickly access manufacturing tips 
from the web and could easily update their solid 
models (in the machine shop) as during  manufacture 
The teaching staff at MIT reported that there was no noticeable 
difference in performance between tablet-based students and 
non-tablet-based students.  However, the tablet-based students 
were more likely to create and refine their analysis using 
software tools as opposed to just noting the analysis in their 
design notebooks.  
 
In summarizing the Queen’s experience, it was found that the 
students used this opportunity to fully explore the potential of 
the new technology.  Although the students felt that the tablet 
interface did not necessarily improve the speed of idea 
generation and design modifications, they did acknowledge that 
brainstorming sessions took place with much more energy.  The 
tablets did enable teams to think together more effectively in 
the language of sketching.  Based on experience to date with 
this capstone course, it is believed that this technology can be 
used to significantly enhance the design experience throughout 
the curriculum. 
CONCLUSIONS 
This paper examined the impact of tablet PCs when 
applied to a final year capstone design course.  In the first term, 
the tablet PCs were used to replace the traditional individual 
design notebook.  In the second term, the wireless capability of 
the tablet PCs was used to enable a shared design notebook as 
well as to enable “electronic brainstorming” during team 
meetings.  The positive experience in this pilot study is being 
used to encourage the application of tablet PC technology to 
other design courses. 
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Figure 4.  Sample written notes from an e-design notebook 
 
Figure 5.  Sample calculations with notes by another student  
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Figure 7.  Sample web extract from an e-design notebook 
 
 
Figure 6.  Sample FEA result with “translated” 
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Figure 8.  Student survey results from Part 2 of pilot study 
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